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o REQUIREMENTS FOH’AUXILI&RY STIFTENERS ATTLdﬁﬁﬁ"TO PANELS o e
ﬁNDER OOMBfNED COMPRESSION AND SHEAE LT LT
By Merit Scobt and Robert” L. Wby =0T T U i
ke shesl .gUMMARY e L e e ]
T -L.h.. - poene ;'.. . . . ?:'fﬂ"*-—i '"-‘-"’o_' FSRE That E -
SRR eGSR ’ wh i s paely -t oo
Panels 6f: aluminﬂm ‘alloy ‘sheets, framed oy 1¢e and LT
end stiffeners, ‘were- subjected to combined loading by .. ' -

meang of offset knife edges applying locads to tdp and
bottom end plates with reacting forcee againsgt the end

plates supplied by laterally acting roIlerq.::' N e
- Thoe test specimens were 178—T aluninum afﬁoy iheatsl""';'#4;

0.040 inch thick in panels of 10—inch width and throe aif-—
eront lengths (approximately 10, 20, and 30 in.). Data .
werc obtained for the bowing of transverse and longitudi- ) -
nal ridbs of rectangular crofs séctlon and varying depths T
mountod on one side of the sheet only, for several -Fatios -
of coupression to shear loads. Limltingsvalues of the -
v momon%s of - ¥nertvie %ere ‘caleulated from ﬁﬁssg:measura—
ments, ' The experimental values exceed tho thaﬁrotical
ve lues: Sivon by Timoshenko for the case of simply sup— " -
ported shosts- wﬁth unlformly distrlbute& boundary strossos.
The work ropor%sd 1ncludes measurements of ths effec—
tive shear moduli ¢f the hine test panels with and without

ribs. These data arc comparcd with values publlshed by
ILahde and Wagnor.

' INTRODUCTION - T e
L ‘i - -
N Zconomical use of material in structural pahels'-" ' e

stiffensd by ribs requires some moans of determining the
necessary flexural rigidity of the ribs. HMethods for

, calculating the requirsd mom&H#is "of inértid of" stiffening
ribs have boen outlined by Timoshenko (reference 1) for
had cases of rectangular shoets stiffceried by transvérse or
longitudinal ribs and loaded in shear or compressaion.

The monmonts of inertiam so calculated are thoso forf which

the ribs remain gtraight when the plate buckles under
load.
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Thore is evidence that in practical cases the
required rigidity of ridbs on sheet panels is greater than
that predicted by the approximation theory bassd on
equating bhe sum of the strain energy of the buckled
plate and that of the ribs to the work done by the ex~
ternal forces. It is -therefore desirable to have experi-—
mentally determined limiting valuesg of ¥ for the re—
guired moments of 1lnertia.

Data were obtained on the bowing of ribes of differ—
ent momente of inertia under panel loads graduslly in-
creased to nearly the yield values (as determined fronm
preliminary tests) on each of nine types of rectangular
sheet panels stiffened by transverse or longitudinal ribe
of rectangular crose section, mounted on only one side of

the sheet,.

This investigation, conducted at The Pennsylvania
State College, was sponsored by and conducted with finan—
cial assistance from, the National Adviesory Committee for
Aeronautics.

SYMBOLS

>

. Test specimens are identified by a code number {for
example, 11T2) in which the firet digit specifies the
length~to~width ratio, the second the number of rids, and
the last the reciprocal of the rib depth in inches; The
letters T and L are used to indicate ribe in the trans-—
verse and longitudinal position, respectively, The fol-
lowing summarized notation is substantially that ueed by
Timoshenko, .

A cross—sectional arsa of rib

a panel length, between scréw lines

a'! width of rib cross section (3/8‘in.)
B = HI

b panel width, between screw lines

b! depth of rib cross seoction

by limiting valie of bl
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c 2c = depth of rectangular beam (equation (3)})
c,c! sheet diagonals (fig. 5) e :f;
dc¢ increase of pansel diagonal ¢ . L -l
—de! d;creése of ofhéf paﬁél diagbnal ?é{ _ B . .

En® 7 ' o o L

D = 2
12 (l - ) oo ) L P . = L
I modulus of elasticity (10.3 X 108 1b/in.® for 17s-T - -

aluminum alloy)
e base of Naperian logarithms S memm——— 2
effective shear modulus

G
h thickness of shest

I moment of imertia of rib cross section relative to

axis through a'! edgs . : T Tz
K knife edge XL L e Taen T T
k. kniﬁe—edge"displaéement, inches L S

! longitudinal distance between gagc points (fig. 5)

i length of béam between supports (eqﬁétion'(é))r

L loagitudinal stiffener . o . - L e
P knife—edgs load, pounds B
] slope of & against P curve e - mme

S, 8lope of § against P curve at zero rid thickness

-

T transverse stiffoner ‘ o . L

w lateral distance between gage poinfs(fig. 5)

.-

- & . - - S - -
B = b . L " . C : . . _.T;
5 deflection of rib at midpoint ~ -~ - .7 ..
A = A —

bhb -
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Y shear stress
.3 o o Eahelir)
Y = ==, panel.in compression = .
oD g Cun 1

Y = f%, panel in shear (See reference 1, chap. VII,)

YL limiting value of ¥ for stiffener of large rigidity
€ mean compressive strain

A L constant

shear load

T shear stress in sheet,
hd

W Poigsson's ratio (0.33 for 176~T aluminum alloy)
APPARATUS, MATERIALS, AND TEST PROCEDURE

The method used to subject the specimens to comblned
compresgion and shear 1s shown schematically Iin figure 1,
The load was applied ta the test panel through two knife
edgese X and the small rollers r; while reactions
occurred through rollers R, ¢éight in number located in
paire at the four corners of the panel. With the knifo
edges in central positions, the panel was subJjected to a
compressive lead, When the knife sdgos were displaced
laterally, the panel sxperiencsd a load o¢f combined com—
pression and shear. When the knife edges were over the
. vertical line of screws in the side stiffeners, 1t was

assumed that the loading was pure shear.

The frame of the testing jig\was built from struc—
tural steel (figs. 2 and 3). The vertical guldes for the
test panels were angle irons (5 by 5 by 1 in.) bolted in
pairs to form T!s in which slots were machined to receive
the panels, Rigldity of the frame was sepcured by welding
four plates (20 by 8 by 1 in,) between the vertical mem—
bers at the top and bottom. The frame rested on"a dbase
made from an H—beam (10 by 10 in.,, weighing 72 1b/ft)
between the flanges of which wvertical stiffeners eut from
angle iron (4 by 4 by 1/2 in.) were welded below each of
the upright members of the framg o provide g rigid sup-
port for then.



o

NACA Technical Note No. 921 B

Loads wore applied by 'a hydrauliec jack of 7-ton caw -
pacity (Blmckhawk Mfg. Co. Model C—-11-G), mounted on an _
upright H-beam bolted to one side of the frame. The Jjack
was provided with a pressure gage (Harshalltown ng. Go,)
of 6—inch diameter calibrated to read loads from C to -
20,000 pounds for a 1l,544—inch—diametsr Tam. The lever
bar was a plece of No, 2 SBamson stesvl (6 by 1 by 60 in.,
The Carpenter Steel Co.). The roller bearing used for the
fulerum of the lever was of 42-inch diameter and l—inch
length (generously supplied by Messinger Bearings, Inc.).
Enife edges were machined from Stentor steel and hardened;
while the rollers were cut from drill rod and were hard-—
ened,

The end plates shown in figures 3 and 4 were machined
from %oel steel and hed a rectangular cross section with
e heilght of 1 inches. Rollers R of 3/8—inch diameter
weras racessod in the end plates to Pear against the up—
right guidoes of the testing dig. . _ _.__ -

The pancls tested were of 18—gage 175-T7 aluminum alloy
of commercial grade made by the Aluminum Company of Americay,
cut so that the diroction of rolling was along the (verti—
cal) direction of loading in the jig. The stiffoning ribs
and tho side stiffeners were milled from 17S—T bar stock,
Side stiffeners were cut to -butt cleanly against the "end

‘platess The fit of the panel in the slot of the vertical

steel guides was within 0,005 inch, 'but the 'specimen could
be pushed along the guldes by handes "A list of sheet dimen-—
sions and sketches of the nine types of panel tested are
shown in table I and in flgure B. o ) T
The bowing of the stiffening ribs wdas measured by
dial gages (Federal Products Oorp. Hodel D—8-IS, full jow—
eled) mounted as shown in figure 2, donneoted to the ribs
by means of 30-gage aluminum wire.' Dial gageés also were
used to. obtaln data on the effectiwve .shear modulus.  For
this purpose they weore ﬁgunteé along the diagonals of %the
sheet panels as shown in figures. 2, 3, and 5, connections
being made with 26—gage aluminum wire.: :

PRECISION

The validity of these measunements ‘depends on three
factors: correct calibration of the gages uded to measure
loads and deformations, a rigid frame of reference for the
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deformation measurementes, and negligible £riction betwcen
sheet ponel and guides and in:the; loading system,

Dial gages were checked against a Gaeritner compara— Y.
tor. Thoge of the full jewsled.iype. were found to give
reproducible readings under tho conditions of use when the
aluminum wire was dirscted along the axis of the £8.L£0 ..

The calibration of the Jjack gage was checked againgt a
Crosby dead—weight gage tester. and a. correction curve
drawn. Load measurements are Judged to be accurate with—
in 50 pounds and deformation measurements within 0,003
inech, : -

A gatisfactory check was made of the rigidilty of the
jig by substituting for the aluminum test panel & stoel
plate of 7/16 inch thickness and applylng the maximum
load to be used in the tests.

RESULTS AND ANALISIS

Limiting Values of Gamna

Data of howing againet knife—edge load were obtalned .
for several depths of stiffening ribs and for positions of
the. knife edges ranging from pure compression to practi-
cally pure shear. .When plotted, the data of bowing (8) .
against load (P) resulted in smooth curves with fairly :
well defined slopes. Curves obtalned from a sequence of
five difforent knife—edge positions show a regular decrease
in slope with decreasing values of the ratio of ehear to
compression. The range of values of the slope is much less
for sheets with lqngitudlnal ribs than for those with
transverse ribs. These characteristics are shown by the
sample curves of figures 6.and 7, for the 21T4 and 21L4
sheets, reepectivelys A regular decrease 1ln slope is .
observed, with increasing moment of inertia of the ribs, .
as is illustrated by figure 8. Values of the slopes deter—
mined from the graphs of &  .against P are listed in
table II. . -

It was hoped originally that Southwell's method (ref-— -,
erence 2) might be applied to the determination of the
limiting values of the moment of inertia, dut after trial
the method was set aside, as were several empirical me t h— -
0ds, in favor of the follow1ng.

Trial showed that the relation
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8 = &4 e_._?\'b"l - (1)

holds satisfgetorily for the stiffening ribs that are not
too deeps. The limiting value of rib depth was therefore
defined as the value of. b! . for which 8§ 1is equal to
Se/e« In almost all cases the limiting value of rib depth,
as defined above, occurred in the Teglon in which the _
relation (equation (1)) was valid within the limits of the
experimental error, .

The procedure for finding the limiting values of the
rib depth by was to plot the logarithms of the slopes
of the Seagaingt~P curves against the rib thickness b,
The intercept on the logarithmic axis,yieldesd S5, and
the values of D then were read directly from the curves.
Owing to limitation of data, it was helpful in nany casecs
to plot & against b!' to serve as a guide in properly
weighting data.

Illustrative curves of 8 against Db' and log $
against b! are given in figures 9 to 11, Table III
lists the summary of the limiting values of ¥ obtained
as explained previously, with pertinent information for
all panels, Figure 13 and table IV 1list Timoshenko's
values of ¥ @against B, taken from reference 1, for
sinply supported panels with uniform boundary stresses.
Figures 14 to 16 show the experimentally determined val-
ues of ¥ for the particular panels of this report plot—
ted along with related valuee given by Timoshenko. The
monents of inertia of the ribs from which the values of
Y were calculated were obtained from the relation

I=1/3am'® . (2)

neglecting the effect of the associated sheet, the screw
holes, and the screws that held the rid to the sheet,
Since it was a priori questionable whether the cal—
culated values of the rib moments of inertia ware "mads
good," the effective values were measured for a particu—
lar case for each thickness of rib. To the rib there was
attached a strip of 0.040 inch 175-T sheet 1l.22 inches
wide, using 6-32 brass screws spaced 3/4 inch between cen—
ters Jjust as in the experimental panels., The stiffener
was then supported horigontally between knifc cdges 23.6
inches apart and loaded at the conter to produce bowing
in the same senses as that experienced on the test panels —
that is, with the ribd concave toward the sheet placing
the screw holes in compression,
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For a concentrated load P . om a bean, the maximun
(central) deflection is given by (reference 3)

3 o ' .
- EEC {1 + ;3.12?.("2‘:/-1)27 (3)
48 EI . J
or, approximately,
) P13 B '
S 3t
48 EI (1)

For oach rib the deflections corresponding-tp soveral dif—
ferent loads wWere measured by a micrometor sorew, and aver—
age values of I were calculatod from cegquation (1), )
Theso represent offective moments of inertis for the rid
plus a strip of sheot of width approxinately 156 times the
shect thickness on each side of its center line. 'These
effective values are compared with the moments of inortin
calculatcd for the ribs plus shooet relative to theilr neu—
tral axis in tadle V, which also includes for convonilonceo
the values 1/3 'a'®'3, In figuroc 12 the effoctive momonts
of inertia.and calculated valuss relative to the noutral
axis are shown as ordinates with the 1/3 al'®!® values as
abgscissas. The values of A = A/bh for the ribs alsoc are
given in table V,

Iffoctive Shoar Modulus

Valuecs of the effective. shear modulus wereo obtained’
for oach of the nine sheot pancls using stiffenocrs of
various dopthss These were. hased on shear neasuroncats
mado with dial gagoes attached by tabs to the lower ends
of tho sido stiffeners (fig. 3) and connocctod by aluninum
wire to measure the changes in the lengths of the sheet
dingonals (fig. 5). The shoear strain was calculated fron
the relation. . o - '
c(de = dc'")

v o= 2 abv (4)

Graphs of shoar stress against strain woro drawn,
guch as figure 17, and ths shear moduli takcn as the vol—
ues of the slopes 'of secants drawn from the origin to
points on the curves corresponding to stresses of 1000,
2000, and 3000 pounds por square inch, respectively.
These shcar moduli togethor with values of the paranmcter

/v VE?T are'proscnted in table VI,
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The data listed in table VI for unstiffened sheets
represcnt prelininary neasurenents of shear taken before
the sheot was drilled.for ribs.,  Thus 1170 and 11LO rep—
resent sinilar, unstiffencd sheets and should have equal
moduwli.

"Effect of :Bending af §ide §tiffensrs

The method in which the sheet .pansls were supported
in the testing Jig permitted a possible bowing of the .
side stiffeners toward the centéer of the panel Tho mog—
nitude of: this bowing and its effoct were investigatod.. _
A Whittemore gage was used to span the shoet pancl and to0
measgsure the slight bending of the side stlffenors toward
cach. other as the. sheet was loaied With a_30—inchk sheot
without ribs and at.-the highest loads, tho maxinunm inward
bending of the side.stiffeners was gbout 0,002 inch for
conpressive loadlng (k = 0) and about O. 025 inch for shoar
loading (k = 10%).

Use of Sprqaders

Mo study the offect of restraining the inward bowing
of the side stiffeners, steel spreaders were nade of drill
rod provided with ond pieces fachined %o’ bear against the
side-stiffoners of the sheot pancl without touching the
sheot. Thess were attachod as skown in figure 3. With
two such spreadors spaced symmetrically on each sideo of
the 30-inch-panel, the maxipun inward bowing of the side
stiffeners was about 0.001 inch for compressive léadlng
and about 0.013 inch for shear 1oading. :

Measurements of rib bowing and’ of' shear of the sheet
panels were nade with and W1thout ‘spreaders for all sheoets
except those having 1ongitud1nal ridbs. t6o0 desp to pornit ’
cloarance of the spreaders. &4s rmany as four pairs of
spreaders were used (33T sheet), placed nidway between % he
transverse ribs. These measurenents showed that the effeoc—

~tive shear nmodulus of a sheet was Increased about 5 percent

by the presence of the sprsaders. It was not sensitive %o
the placing of the spreaders or the extent to which they
were tightensd. On the other hand, the magnitude and direc—
tion of the rib bowing were greatly influenced by the addi-
tion of spreaders. A41ll data reported -on bowing were taken
without spreaders. Insofar as values of affective shear
noduli are concerned, it is concluded that .the testing jig
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usod ylolded results substantially the same as those that
would bo obtaihed with a jig that provided the side stiff-
eners wWith continuous support against inward bowing.

DISCUSSION

Limiting Values of Gamme and Moment of—Inertis

Figures 14 to 16 show the principal results. A sin-—
ilarity exists between the exper imental values for the
rarticular panels of this report and Timoshenko's theo—
retical values for simply supported panels with uniform
boundary stresses, but the experimental values are in all
cases higher., The experimental points are based upon mo-—-
ments of inertia computed by 1/3 a!'b'® without regard to
sheet or sorews or screw holes. The use of 1/3 a'b!® fol—
lows Timoshenko, as shown by example in the reference
given; its use here is justified by the evidence shown in
table ¥V that the effective and computed valuee of the
mnoments of inertla of the ribs arc in guite close agree-~
ment for all ribs up to 1 inch depth for the particular
case tried. ' ' ' '

In the case of longitudinal ribs, the exporimental
values should be expected to be somewhat too high as the
® values were high for the limiting rids (tables III and
V). IR S -

It should ‘be emphasized that Timoshenkol!s theoreti-
cal values for the limiting gammas are based on_sheet pan—
els with all edges simply supported and with unifornm
boundary stresses. The experimental panels of this report
were not designed to duplicate the conditions of -
Timoshenko's calculations but were chosen as a feasible
case with which to experiment and one for which the resultis
would have considerable practical value. o o

The comparison depends on the dofinltion adopted in
the experimental work for the limiting moment of inertia.
If a value corresponding to S,/10 were accepted, for
instance, much greater wvalues would rasult,  Just as a
centrally loaded column deflects because of lack of ini-
tial straighthess, so these ribes may be expected to deflect
at the initial 1ldads as a result of the imperfections of the
sample and the pccentricity of the ribs. 4s will be pointed
out under Hffective Shear Hodulus, 8ll sheaets as well as
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ribs did show lateral deflection at the initial loade and
anything. corresponding to calculated critlical buckling
stress is quite suppressed and not directly observable,
Perhaps, as suggested under the following section, the
liniting value should be based on the attainment of lin-—
iting rigidity, but experinentally this is indiroct.

Bffoective Shear Modulus

Figure 18 and table VII show the variation cf effoc—
tive shear nodulus_for sheet panels againegt a parazctfor
defined as h/b J/E/r as given by Lehde and Wagnor (-ef-—
orence 4) together with the eoxpcrinental values ohtzimed
for the panels of this report. The experimental valuos
plotted are averages, for each panel, over the rangu of ~
rib depths enployed. The slopes of the expsrinentel
curves as drawn are higher than those of the theor:-tical
curves, For the 11T and 1ll1L panels, there is onn.value
of G, higher than that for a panel in pure shear. Thig
probably results fronm the fact that the ribs and itrc framne
brace the panel in such a way as. to bring Young's modulus
into action. .

All penels and ribs were in all cases observecd to0
start lateral displaceswnent a% the lowest loads. ZTkhus,
theoretical buckling load could not be directly rclated
to these obeservations, a fact which-accords with other
workers! ‘results.

Figure 19 and table VIII shaow how the effective shear
nodulus for each panel varies with the nmoment of isurfia
of the ribs. This in itself provides a secornd Deinad of
deternining the liniting rib, and gqualitatigely corrobox
rates fhe procedure enployed in this report for obu41ning
the limniting moments of inertia. .

CONCLUS IONS

Liniting Gaanas

Since the sheets and the ribs of the panels of .this
report showed lateral deflectidén at the initial lends,
sone nethod of defining the liniting rib was necessery.
When the liniting gammas for these panels, as o0btaincd by
the ompirical method for finding the liniting rib dcpth

-
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as dovised .in this report, are plottcd as a function of
length—width ratio and dbrought into juxtaposition to those
obtained theoretically by Timoshonko for panels with all
edges sinply supported and with uniform boundery stressos,
a sinilarity of the relations is observed, but in all
cases the oxperinental.values are higher. Ths conditions
of sinple edge support and uwniforn boundary stresses can—
not be congidered to obtain for the experimental panols.

In all cases .the experinental ribs were mounted upon
only ono side of the sheat. However, the ribs . uay not
have bent with the neutral axis in.the plane of the shect,
thus offering a naxinunm nonent of 1nertia, as ls assuled
by Tinmoshenko. : _—

The experinental values cover thoe cases af pancls in
conpression and in shear with one-to three traunsverse
ribs and in compression and in shear with .one. longlitudinal
rib. : -

Effective Shear Modulus

The exporimental values of the effoctive shear (socant)
nodulus of the panels are in as. good agreenont as could be
expected with the valuses publlshod by Lahde and Wagner,

Departument of Physics,
The Pennsylvania State College,
Btate Collecge, Pa., September 16, 1943.
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TABEE T.~ DIMENSIONS OF TEST PANELS
(b = IO‘SBHiﬁ,;fog_all_panels]

Sheet Sheet @ w 1 c + o

type thickness s 2
(in.) (in.) (in.) (in.) (in.)
113 0.03g92 ' 10.63 10.22 - 8.87 13.51
11 L . 0408 10.63 10.20 8.8l 13.50
21 T .O400 21.25 10.20 19.39 21.394
22 T .04G3 21.25 10.22 19.39 21.94
21 L .0392 21.25 10.20 19.37 21.94%
310 .OLokL 31,85 ° 10,22 29.97 31.64
32 T .0393 31.85 10.20 29.97 31.64
33 T oko1 31,85 - 10.19 29.97 . 31.63
31T L0389 31,85 10,52 29.97 |  31.63

TABLE V.- COMPARTSON OF CALOULATED AND EFFECTIVE MOMENTS
' OF INERTIA TOE EIBS
Rib cross.;ection I="1/3a"'> églcilated. effeitive A
: : (neutral
(in.) = -(?i?ig (in.%)

1/8 x 3/8 2;ﬁ5x'1d‘4 o.okx 1074 2.32x 1074 | 0.11

1/% x 3/8 19.60 - 11.58 11.28 .22

1/2 x 3/8 - 156.2 67.1 65.6 RIME

3/% x 3/8 527 - 196 : 193 ° .66

| .88

1 x 3/8

1275

Ly

346 -

4 mer e rer—— e - -t
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ST e e

SUMMARY OF CALCULATION OF LIMITING VALUES.OF GAMMA BY EXPERIMENTAL METHOD |
Sheet| k s s | | N 1 . B Yoo kB =2
code 21 Loy B L L b

(in.) (in.) (in.s)__ (in.%) -

117 0 33 |12.5 [0.125] 195 x 107°| 244 x 107° 2,510} 3.8 1
21T 65 {23.9 | .079 hg.3. 61.6 - 633 .96 2
31T 33 |12.5 | .09 73 19.3 9 1.h 3
22¢ | o |16.7] 6.15/0.162| u7s 594 6,120| 9.2 | =2
32T 25 9.2°| .085 61.5 76.9 L7192 1.2 3
332 | O | 20.6) 7.6 |0.18 | 385 730 7,500 11 | 3
11T | 10: | 60 |22.1 |0.311] 3010 3760 38,700 | 58 1
21T 94 |{34.6 | .190| 686 357 8,820 6.7 2
31T o4 |34.6 | .174| 528 660 6,800 3.4 3
22T | 10 | 36.5|13.4 | 0.19 686 860 8,850 | 6.7 2
327 59 |21.7 | .l145| 306 382 3994 2.0 3
330 | 10% | 36 |13.3 [0.24 | 1380 1730 17,800| 9.0 3
11T | 0 | 39.6/14.6 | 0.,275| 2090 2610 26,900 | M1 1
21L | 46.8{17.2 | U73]10600 13300 137,000 {207 2
31L 52.6|19.4 | 72538200 47700 -492,000 |THl 3
11L | 10% | *66 " |24,3-] 0.27 | 1970 2460 25,400 | 38 1
21L 76 |28.0] . 7400 . 9250 95,200 72 2
3L 104 38.3 | .60 |21600- 27000 278,000 {1h0 3
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TABLE IV.- TIMOSHENKO'!S VALUES OF LIMITING GAMMA FOR PANELS

WITH SIMPLY SUPPORTED EDGES

S —

Panel in compression,
one transverse ribd

Panel in .shear s

"two ribs transverse

to "a’ dimgneion

.B— ~ _
- - = . :
P=y . Y= 5 B2 yv=X2
b aD
0.50 12.6 3 0.64
oo 2ol
.80 2.0 1.5 10:7 '
.90 1._82 A 22.6
1.0 1.2 o
_102' qu‘33 [ . ] - -
l.41 o} Panel in compression,

one longitudinal rib

Ta . B
Panel in compression, B== . v = k)
three tradsverse r ibs b
5 a _' B 0.6 .5
= Y = IR 1.0 . 10
L. ; L2 1.4 . 15 A= 0.05
0.60 101 1.6 - 20 B
«80 42,6 2.0 25
1.0 . 21.7
l.2 . .| .+ 1a2.4
1. 7.71 N 5
ot - : 1-0 10
12 - 15 A = 0.10
Panel in shear, 1.6 20 S
one rlb transverse 1.8 25
to M"a' dimension K
B
B - :a'_ ‘Y = e '6 5
b aD .8 10
2 0.8% l.2 15 A = 0.20
1.5 2.9 1.4 20
1.25 6.3 1.6 25
1 15

|
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TABLE VI.~ SUMMARY OF EFFECTIVE SHEAR (SECANT) MODULUS

OF PANELS BY EXPERIMENTAT, METHOD
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6
TABLE VII,- AVERAGE VALUES OF i? OF PANELS BY EXPERIMENTAL METHQOD,

k = 0%, AS-PLOTTED IN FIGURE 19

Sheet Sheaxr streés, 1b/in.2 ., 1660 2000 3000
Ly R I 0.27 | 0.2
117 - 0.4%0 0.348 | 0.309
111 g s 356 35
217 | 363 | 248 212
21L . ; 336 .2b2 .222
22T . : I P < 1 .2u2 .24k
31L - .250 .199 177
31T ' . | ' .204 .165 .160
327 . 231 .218 .185
33T | | .227 208 191
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19

TABLE VIII.~ VALUES OF 1I/I; AND G,, k = 10}, AS PLOTTED IN FIGURE 20
- Rib G
S:;zeet 8 =2 thickmess T I, / II-! av. effective
b | (in.) (in.9) (1nd) shosr /‘;‘;‘}215“3
117 1.00 0.00 0.00 0.00376 0.00 3,36 x 10%
125 .000245 0652 3.69
.25 .00196 .521 3.67
11L 1.00 0.00 0.00 0,0Q246 0.00 3.21
.125 - .0002U45 .0996 3,62
.25 .00196 .736 «65
.50 .0156 6.3 hly
1.00 125 50.8 b0k
217 | 2,00 0.00 0,00 0.000857 | 0.00 2,72
: . .125 .000245 .286 2¢93
.25 .00196 2.29 2,90
+50 0156 18.2 3.0L
21L 2.00 0,00 0.00 0.00925 | 0.00 2,35
.125 .000245 . 0265 2.56
.25 .00196 .212 2.84
+50 .0156 1.69 3.05
1.00 125 13.5 553
22T 2,00 0.00 Q.00 0.00086 0.00 2.57
.125 .000245 »285 2.63
.25 .00196 2.28 2.49
.50 .0156 18.1 345
31L 3.00 0.00 0.00 0.0270 0.00 1.58
.125 . 000245 y00908] 1.94
.25 .00196 .0725 2.38
.50 .0156 577 2.51
1.00 .125 4.63 2437
31T 3.00 0,00 0.00 0.000660| 0.00
.125 .000245 371 *1,82
.25 .00196 2.97 *1.8W
.50 .0156 23.6 *1 .84
327 3.00 0.00 0.00 0.000382| 0.00
.125 .000245 641 1.89
¢ .25 .00196 5.13 2.35
50 .0156 40.8 2,26
33T 3.00 0.00 0.00 0.00173 0.00
.125 - 000245 142 2,04
. g 200196 1,13 2.27
5 01736 9.02 2.13

*Averaged over two values only. ©




KEY

D

J
KK
L
P
TT
R
re
a3

FIG 1.~ SKETCH SHOWING METHOD OF LOADING
SHEET PANEL IN COMPRESSION OR COMBINED

LEVER ARM ROLLER
BEARING

HYDRAULIC JACK

KNIFE EDGES:

LEVER, ARM

SHEET PANEL

END PLATES

21DE ROLLER

KNIFE EDGE ROLLERS

PANLEL STHFENERS

K r

wakn R

[+ Y2k~

TR L e e p—p—

COMPRESSION AND SHEAR.

. L —— Ll l/-z ) I s
e e 0
e . W ] T té
r F

tl }

N

, 1

. (R

~ 0

>l B4

TR T f

L 21T 21L 22T

11T 32T 33T

FiG 5.-FORMS AND DIMENSIONS OF TEST PANELD

[26 "°N 30N [0ouy2s] YIYN

g‘| sbiy




NACA Technical Note No. 821 . Fig.

.rig&re 8.- Testing jig for loading sheet panels.
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